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Materials and Methods 
Methods summary 

Lnc13 and coding gene expression levels were quantified by RT-QPCR, starting from 

DNAseI (Qiagen) treated RNA using specific primers. In the case of the human small 

intestinal biopsy samples, specific TaqMan assays (Applied Biosystems) and One-Step 

RT-QPCR were used. All pediatric CeD patients were diagnosed according to the 

ESPGHAN criteria and all CeD patients had elevated titers of anti-tissue 

transglutaminase-2 antibodies and displayed characteristic histopathologic abnormalities 

of the small intestinal mucosa; none of the control patients had any small intestinal 

disorder and all manifested normal mucosal histology on microscopic examination. 

RNA pulldown to identify associated proteins was done as described previously(26) 

using in vitro transcribed, biotinylated lnc13 and mass spectrometry. 

For confirmation of lnc13 binding to Dcp2, we used the RNA IP technique. In vitro 

transcribed WT or 5’ mutant lnc13 was incubated with lysates from cells in which flag-

Dcp2 was overexpressed, the complex was pulled-down with a flag antibody against flag-

Dcp2. Binding of the different alleles of human lnc13 to hnRNP-D was quantified using 

total RNA extracted from cells with homozygous genotypes for the distinct alleles or 

using cells expressing both alleles of lnc13. Amounts of lnc13 bound to 

immunoprecipitated flag hnRNP-D were quantified by either by regular RT-QPCR or 

using a dual color allele specific TaqMan assay (Applied Biosystems). 

 
Materials 

Oligonucleotides. The complete list of oligonucleotides used for PCR, QPCR, silencing, 

in vitro transcription and cloning is included in the Suplemmentary Information 

(Supplementary Table 4). 

Plasmids. Mouse lnc13 was cloned from mouse cDNA into the pBabe puro vector using 

BamHI and SalI sites. Mouse Dcp2 was subcloned from pIVT vector kindly provided by 
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Dr. Richard Schultz. hnRNP-D vectors were previously generated in the lab of Dr. 

Schneider.  shRNA was cloned in the pLKO.1-puro vector following the protocol from 

Addgene.  

Cells.  Primary BMDMs were generated by culturing bone marrow from WT and 

Dcp2/hnRNPD KO C57Bl/6 mice in 20% L929 cell-conditioned medium. For LPS 

stimulations, cells were seeded in 12-well plates at 105 cells/ml and stimulated with 

10ng/ml of E. coli LPS at different time points. 

Macrophages immortalized by inoculation with J2 retrovirus(31) were used for the 

establishment of a stable lnc13 overexpressing cell line using a pBabe puromycin vector 

and BamHI and SalI restriction sites and for establishment of the lnc13 knockdown cell 

line using the lentiviral pLKO.1-puro vector. Immortalized macrophages were also used 

for silencing experiments accomplished by transfecting 100nM of siRNAs using the 

HiPerfect reagent (Qiagen); expression was checked 48h post-transfection. siRNAs were 

designed and ordered from Bioneer. Dcp2 KO macrophages from Rutgers University and 

Myd88 KO macrophages from UCSF and WT littermate cells for each condition were 

also immortalized using J2 retrovirus. 

Human Dcp2 THP-1 KO and mutant cell lines were generated in Prof. Kiledjians 

laboratory at Rutgers University. Dcp2 knockout cell lines were generated by CRISPR 

Cas9 technology using two guide RNAs (gRNAs; 5’ UAUCAAAGACUAUAUUUGUA 

3’ and 5’ AACCAGUUUCUUCAAAGACC 3’) designed to target the Dcp2 genomic 

region at the catalytic site. Double stranded DNA oligonucleotides corresponding to the 

gRNAs were inserted into a modified lentiCRISPR v2 vector (Addgene) where the Cas9 

cassette was replaced with the mutant nickase version (Cas9n). Lentiviral particles were 

packaged in 293T cells for each gRNA and then equally combined to infect THP-1 cells 

at a MOI of ~10 in the presence of polybrene (8 ug/mL). The infected cells were then 

subject to puromycin selection for 3 days and viable cells were used for serial dilution to 

generate single cell clones. The genomic modification was screened by PCR and 
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sequencing. In Dcp2 knockout line 1 the two alleles were disrupted to generate out-of-

frame mutation after T149 and K154, respectively. Line 2 contains two alleles with in-

frame deletions in the catalytic Nudix fold region of 8 (F151 to C158) and 12 (E148 to 

K159) amino acids, respectively. Changes in DCP2 protein expression were confirmed 

by Western blot. 

For the human hnRNPD knockdown, U937 cells were transduced using a MCSV based 

shRNA expression vector for hnRNPD generated in the laboratory of Prof. Schneider. 

Gene expression was checked 48h post-infection. 

For the RIP experiments, 293FT cells were seeded at 106 density and transfected with the 

Dcp2 and hnRNPD plasmids using Lipofectamine 2000, and lysates were collected after 

48h. 

Cells homozygous for each of the rs917997 genotypes (CC and TT) were acquired from 

Coriell Cell repository. 

Patient samples. Celiac disease in pediatric patients was diagnosed according to the 

ESPGHAN (European Society of Pediatric Gastroenterology Hematology and Nutrition) 

criteria in force at the time of recruitment, including anti-gliadin (AGA), anti-

endomysium (EMA) and anti-transglutaminase antibody (TGA) determinations as well as 

a confirmatory small bowel biopsy. All adult CeD patients had elevated anti-tissue 

transglutaminase-2 antibody titers and they displayed characteristic small intestinal 

histopathologic abnormalities, including villous atrophy, crypt hyperplasia and 

intraeptihelial lymphocytosis. The study was approved by the Institutional Board (Cruces 

University Hospital code CEIC-E09/10 and Basque Clinical Trials and Ethics Committee 

code PI2013072) and analyses were performed after informed consent was obtained from 

all subjects or their parents. Biopsy specimens from the distal duodenum of each patient 

were obtained during routine diagnosis endoscopy. None of the patients suffered from 

any other concomitant immunological disease. None of the controls showed small 

intestinal inflammation at the time of the biopsy.  
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For lncRNA and gene expression analyses twenty three intestinal biopsies taken from 

pediatric CeD patients at the time of diagnosis mean age 2.7 years (1.2-9.2); 17 female / 6 

male (on gluten-containing diet, positive for CeD-associated antibodies and with atrophy 

of intestinal villi with crypt hyperplasia) were compared to 23 tissue samples obtained 

from the same patients in remission after being treated with gluten-free diet (GFD) for 

more than two years (asymptomatic, antibody negative and with a normalized intestinal 

epithelium at that time) and 15 control samples (mean age 8.6 years (2.34-14.8); 10 

female /5 male) for gene expression evaluation. Paraffin-embedded intestinal sections of 

5 adult CeD patients (age 40.8±14.7, 4 males and 1 female) and 5 healthy controls (age 

50±14.3, 2 males and 3 females) were used for in situ detection of lnc13. Cytoplasmic 

and nuclear fractions from three active patients and three healthy controls were used to 

evaluate Dcp2 localization. 

 
Materials 

RACE. Rapid Amplification of cDNA ends (RACE) was performed using the 

FirstChoice RNA-ligation mediated RACE (RLM-RACE) kit from Ambion to determine 

the ends of lnc13. For the 5’ end total RNA from mouse macrophages was treated with 

calf intestinal phosphatase (CIP) to remove 5’ phosphate from non capped transcripts, 

resulting in 5’ capped transcripts and RNAs with 5’ hydroxyl ends. Then, the 5’ 7methyl-

guansine cap strucruture was removed by tobacco acid pyrophospatase (TAP) resulting 5’ 

mono-phosphate transcript exclusively from intact 5’ transcripts. An RNA adaptor with 

5’ and 3’ hydroxyl groups was then ligated to the 5’ mono-phospate RNAs. For the 3’ 

RACE cDNA was synthesized using a 3’RACE adapter . RT-PCR using a lnc13 specific 

primer and a primer binding to the ligated RNA adaptor was performed to amplify the 

ligated lnc13 followed by TOPO TA cloning and sequencing to determine the very 5’ and 

3’ end sequences of the lncRNA. 
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Northern blot. For northern blot 10µg of total RNA was collected from cultured 

macrophages and resolved on 1% agarose-formaldehyde gel. RNA was transferred to a 

Hybond nylon membrane using the Trans-Blot SD semy-dry electrophorectic transfer 

(BioRad) Biotin-labeled antisense lnc13 was made using T7 RNA polymerase by IVT 

with the biotin labeling Kit (Roche). Membrane was pre-hybridized for 1 hour at 42ºC 

and incubated with the probe overnight at the same temperature. After washing, 

membrane was blocked and incubated with streptavidin HRP. 

DNase hypersensitivity assay. QPCR primers were designed for the DNAse 

hypersensitivity regions and for random regions within IL18RAP and human lnc13. Cells 

were lysed in lysis buffer + NP-40 and nuclei were pelleted and resuspended in nuclei 

wash buffer. DNaseI was added (Optimum concentration: 11U/million cells) and 

incubated for 10 min at 37ºC, the reaction was stopped by adding EDTA. The digested 

DNA was incubated at 55ºC with proteinase K and the DNA was extracted. QPCR was 

performed on not digested and digested DNA, with the expectation of higher differences 

in amplification in the regions in which DNaseI cuts. This method was adapted from a 

previously described protocol(32).  

Quantification of molecules per cell. In order to determine the copy number of lnc13 in 

human U937 cells, a reference plasmid was generated incorporating the cDNA sequence 

of lnc13 in a PCR blunt vector. Absolute quantification was performed using ten 2-fold 

serial dilutions of the reference standard. Ct versus the dilution factor was plotted in a 

base-10 semi-logarithmic graph, fitting the data to a straight line. Plot was then used as a 

standard curve for extrapolating the number of molecules of lnc13 in the cells. 

RNascope technology. In situ RNA detection was performed using RNascope 

technology (Advanced Cell Diagnostics) and a custom probe in formalin fixed small 

intestinal biopsy following the manufacturer’s instructions. E. Coli DapB probe was used 

as a negative and human PPIB as a positive control. 
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RNA extraction, RT and QPCR. Total RNA was extracted from cells using QIAGEN 

RNA mini/micro kits. All samples were subjected to DNAse I treatment. A total of 1ug 

of RNA was used for retrotranscription using SSIII enzyme (Invitrogen) and Real time 

QPCR was carried out using 2X SYBR green fluorescent dye (Quanta Bioscience). The 

amplified transcripts were quantifed using the comparative Ct method. All experiments 

were performed in triplicate. 

RNA antisense purification (RAP) 

RNA antisense purification was performed following an adapted protocol from the 

Guttman lab at Caltech. In brief, probes were generated by in vitro transcribing 

biotinylated antisense lnc13 followed by controlled RNA fractionation (Ambion).  Sense 

probes were used as a negative control due to their inhability to bind lnc13.  Chromatin 

extracts from macrophages were prepared after formaldehyde crosslinking and sheared 

by sonication. Fragmented chromatin was hybridized with control probes, or lnc13-

specific RNA probes, captured using MyOne T1 Streptavidin beads (Invitrogen), washed 

extensively, followed by elution of enriched RNA and DNA. Retrieved RNA and DNA 

was purified using QIAGEN columns. RNA was converted to cDNA using SSIII 

(Qiagen). Enrichment of lnc13 and the targets was quantified by QPCR using specific 

primers (Supplementary Table 4). 

In vitro transcription and binding partner recognition. Sense and antisense lnc13 

were amplified from mouse cDNA using a T7 promoter primer. The PCR product was 

purified and used for in vitro transcribing biotinylated RNA using the T7 polymerase 

(Promega) and RNA biotin labeling kit (Pierce). 3ug of purified lnc13 RNA was mixed 

and incubated with nuclear extracts from 2X107 iBMM. Streptavidin beads were added to 

the reaction and further incubated. After incubation, beads were washed 5 times22. 

Samples were sent for mass spectrometry and subjected to in-solution digestion followed 
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by nano LC-MS/MS analysis. The proteins binding exclusively to the sense lnc13 were 

selected for further analysis.  

Lnc13 pulldown. For verification of interactions of lnc13 with Dcp2 and hnRNPD, flag 

tagged proteins were overexpressed in 293FT cells and lysates were used for the 

experiments. Flag-Dcp2 lysates were mixed and incubated with IVT WT and 5’ mutant 

forms of lnc13. In the case of hnRNPD, lysates were incubated with whole RNA 

extracted from six different lymphoblastoid cells lines homozygous for each of the 

rs91779 (and LD SNPs) genotypes (three cell lines per genotype). Dcp2 and hnRNPD 

were pulled-down using a flag antibody and protein G beads. Pulled-down RNA was 

isolated from the beads and amounts of bound lnc13 were assessed by RT-QPCR. In the 

case of HDAC1 experiments pulldown of endogenous lnc13 was performed using 

HDAC1 antibody (Santa Cruz Biotechnology) in either mouse or human macrophage cell 

lines. For endogenous lnc13 pulldown, 293FT and MCF7 lnc13 heterozygous cell lines 

were transfected with flag-p42 using lipofectamine and Fugene 6 respectively. After 48h 

cells were lysed and p42 was pulled-down.  RNA was isolated from the beads and 

amounts of each of the alleles were quantified using retrotranscription followed by QPCR 

using a allele specific TaqMan assay with two different fluorophores.  

Cellular fractionation. For quantification of lnc13 levels in nuclear and cytoplasmic 

compartments, nuclei were isolated using C1 lysis buffer as described previously23 and 

amount of specific nuclear RNA measured by RT-QPCR was compared to the total 

amount of the RNA in the whole cell. Nuclear/cytoplasmic protein fractionation was 

done using hypotonic and hypertonic buffers with NP-40 detergent. For cytoplasm, 

nucleoplasm, chromatin fractionation, we followed a protocol from the Mostolovski lab. 

Briefly, hypotonic buffer, low salt buffer and 0.2N HCl were used respectively for each 

fraction. Cells were crosslinked before fractionation. Both RNA and proteins were 

extracted from fractions. Cellular fractionation of intestinal biopsies was done using a 

nuclear extract kit (Active Motif) following manufacturer’s instructions 
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Western blot. SDS sample buffer was added to cell lysates. Proteins were separated in 

10% SDS-polyacrylamide gel and transferred to PVDF membranes. Immunoblotting was 

performed with the following primary antibodies: antiserum Dcp2 (from Dr. Kiledjian 

lab), anti-beta tubulin (Sigma Aldrich), anti-Hdac1 (Santa Cruz Biotechnology), anti-H3 

(Upstate) , anti-Flag M2 (Sigma Aldrich). Signals were detected using Pierce ECL 

Western Blotting Substrate (Thermo Scientific). 

Chromatin Immunoprecipitation: Mouse and human macrophages were stimulated for 

four hours. After stimulation cells were fixed with 1% formaldehyde. Cells were lysed 

for 10 min using hypertonic buffer and nuclei were pelleted and resuspended in RIPA 

buffer. Chromatin was sheared by sonication and centrifuged to pellet debris. 

Immunoprecipitations were carried out overnight using protein A magnetic dynabeads 

(Life Technologies) and 2ug of the Hdac1 antibody (Santa Cruz Biotechnology) or 5ug of 

the hnRNPD antibody (Millipore). Immune complexes were extracted in 1XTE 

containing 2%SDS. Protein-DNA crosslinks were reverted by heating at 62ºC for 2 

hours. DNA was purified using a QIAGEN kit. 
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Fig. S1. Characterization of mouse AK161196 (lnc13). 

a) The information presented was retrieved from the UCSC browser. Human lnc13 

genomic location is predicted based on homology with mouse lnc13 (TransMap 

alignment 66.5% identity). Conserved regions are represented as thicker lines on mouse 

lnc13 (AK161196). The blue + marks correspond to identified SNPs transmitted as a 

haplotype block (LD - linkage disequilibrium); rs917997, red + mark, in particular was 

associated with CeD by GWAS. The grey line indicates DNase hypersensitivity cluster 

(top). Mouse and human sequences were compared by progressive pairwise alignment 

(pairwise identity 59%) using the Geneious software (bottom) b) 5’RLM-RACE and 

3’RACE were performed using the RLM-RACE kit (Ambion) to determine the 5’ and 3’ 

ends of lnc13 transcript. PCR bands (top panel) were cloned, sequenced and blated 

against the mouse genome using the UCSC genome browser (bottom panel). AK161196 

(in a black box) is the annotated mouse lnc13. The primers used for the RACE are also 

aligned against the region. c) PCR reactions were carried out using primer pairs that span 

different regions of IL-18rap, lnc13, and a putative IL-18rap+lnc13 transcript. While 

PCR primer pairs that span different regions of Il-18rap and lnc13 cDNAs yield predicted 

amplification products, primer pair that encompass a putative IL18rap+lnc13 transcript, 

yield no PCR product yield predicted amplification products, primer pair that encompass 

a putative IL18rap+lnc13 transcript, yield no PCR product. d) Northern blot of lnc13 

expression in iBMM cells. 10µg of total RNA was run in agarose/formaldehyde gels; 

after transfer to nylon membranes, lnc13 was detected using antisense biotinylated probe. 

Ethidium bromide staining of the gel is shown on the right panel. 
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Fig. S2: Data retrieved from the Epigenome Roadmap project.   

a) Data from small intestine sample showing the human region corresponding to mouse 

lnc13 (AK161196); H3K4me3, H3K4me1, H3K27ac and H3K36me3 peaks denote areas 

actively transcribed. The chromatin signature points to enhancers (yellow) and actively 

transcribed chromatin (green). The region encompassing lnc13 is indicated by the line 

designated as AK161146. b) RNAseq signals in different tissues also point to the 

existence of a transcribed region. 
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Fig. S3: Characterization of human lnc13. 

 a) DNase hypersensitivity assessed by quantitative PCR after comparison of non-DNaseI 

treated and optimal DNAseI treated DNA extracted from human macrophage cell line. 

White bar corresponds to IL18RAP coding gene, grey bar corresponds to lnc13. Black 

arrows point the DNAse hypersensitivity sites as described by ENCODE (n=3; 

average±s.d). b) Human lnc13 from U937 cell line immunoprecipitated with the cap 

binding protein eiF4e. 18S: uncapped negative control; U6 capped positive control. 

Values were calculated relative to input and are shown as the average and standard error 

of three independent experiments. c) Average molecules per cell in the human U937 cell 

line (left) calculated using a quantitative approach (right) (average±s.e; n=3). d) Lnc13 

expression (2-ΔCt) measured by RT-QPCR in RNA pool of different tissues purchased 

from Clontech (Human total RNA master panel II) (average±s.d; three independent RT-

QPCRs) . 
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Fig. S4: Expression and localization analysis of lnc13. 

a) Lnc13 expression in human intestine detected by RNAscope technology. Red dots 

correspond to lnc13 signal. Positive control: PPIB; negative control: bacterial DapB. 

Celiac disease samples show disturbed characteristic villous atrophy. Representatitive 

pictures of five samples per condition. b) Expression levels (2-ΔCt) of the coding gene 

IL18RAP in small intestinal biopsy samples of controls and celiac disease patients; 

**p<0.01, unpaired t-test.  RT-QPCR analysis on whole cell and nuclear RNA to 

determine localization of lnc13 in c) BMDM and d) U937 cells. (average±s.d, n=3). e) In 

situ hybridization using RNAscope for lnc13 RNA on a small intestinal (duodenal) 

biopsy from a celiac disease patient on gluten free diet shows numerous mononuclear 

cells in the lamina propria that display multiple nuclear lnc13 signals. Picture was taken 

using 1000X magnification, these were take using a 100X objective magnification (oil 

immersion) and 10X ocular magnification for a total of 1000X magnification. 
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Fig. S5: Lnc13 is a NF-kB dependent stable lncRNA that regulates a subset of 

inflammatory genes. 

Lnc13 and Il18rap expression patterns on a time course LPS stimulation of a) BMDMs, 

b) immortalized bone marrow derived macrophages, and c) human U937 macrophage 

cell line confirm independent expression of these two transcripts.d) LPS induced 

modulation of lnc13 in WT and Myd88 KO immortalized mouse macrophages. Data 

represents the average and standard deviation of three independent experiments. 

**p<0.01, +p<0.1, based on an unpaired t-test. e) LPS induced lnc13 downregulation is 

blocked after NF-κB inhibition by BAY-11-7082 in mouse (left) and human (right) 

macrophages. RT-QPCR data is represented as the average +/- standard error of three 

independent experiments. p-values were calculated relative to basal level, *p<0.05, 

**p<0.01 based on unpaired t-test f) LPS induced modulation of Il18rap (left) and Il12 

(right) levels in WT and Myd88 KO immortalized mouse macrophages. Data represents 

the average and standard error of three independent experiments. g) Stability of lnc13 

measured by QPCR in cells treated with actinomycin (inhibitor of transcription) for a 3h 

time period. Data is represented as the average and standard error of three independent 

experiments. Ubc is used as a short half-life mRNA control. h) Silencing, using custom 

siRNA and HiPerfect reagent in immortalized macrophages, of lnc13 influences the 

expression of coexpressed genes in mouse macrophages. Data represents the average and 

standard error of three independent experiments. **p<0.01, *p<0.05. i) Stable 

knockdown of lnc13 using a shRNA and pLKO.1-puro lentiviral plasmid. 60% decrease 

in lnc13 levels (box inlet) cause at least 50% increase in target genes. Data represents the 

average and standard error of three independent experiments; **p<0.01, *p<0.05, +p=0.1 

based on unpaired t-test. j) Effect of lnc13 overexpression (top) and silencing (bottom) in 

the celiac disease related Il-15 gene. Data represents the average and standard error of 

three independent experiments; **p<0.01, based on unpaired t-test. 
  



 
 

 
 

19 

 

 

50- 

37- 

basal LPS 

BMDMs 

basal LPS 

50- 

37- Gapdh  

Dcp2 

iBMMs  

U937 

4 

DCP2 

HDAC3 

cytoplasm nucleus 

 4 LPS (h) 
 

0 

-tubulin 

0 

mutated
 lnc13 5’ side 

U A C
C
A
C
A

UUUU
U
U
U
G
A

A
G
A
A
C

UCCA
A
C
A

G
GUU

U
A U

G
U

U
C
A
A
C

G
G G C U

C
A

G
A

A
U
U
U
U

CC

lnc13 
5’ side deletion

U
G
A

A G
G

G
C
U

U U
U

C
C
C

C
UG

A
A A

A
G

G
A
C
C

U A G
U
G
A

CAC A G
A A

A
C

CC
CUGGA

AG
G

A
A

UG
C

C
C
A

lnc13 5’ side

Sup. figure 6
Castellanos-Rubio et al.

50-

50-

50-

c d 

f 

0 

0.5 

1 

1.5 

2 

2.5 

R
el

at
iv

e 
ex

pr
es

si
on

 

3h LPS 

BMDM - lnc13 

0 

1 

2 

3 

4 

R
el

at
iv

e 
ex

pr
es

si
on

 

3h LPS 

basal 
LPS 
LPS+CHX 
LPS+ActD 

U937 - lnc13a

**

*
*

**

e 

0 

20 

40 

60 

0 2 4

Fo
ld

 c
ha

ng
e 

LPS stimulation (h) 

b

0.1 

1 

10 

100 

0 4 8 

Lo
g 

ex
pr

es
si

on
 

LPS stimulation (h) 

WT BMDM 

Dcp2 KO BMDM 

lnc13

DCP2

GAPDH

g 

Dcp2 BMDMs 

+
**

0.1 

1 

10 

0 6 12 

Lo
g 

fo
ld

 c
ha

ng
e 

LPS stimulation (h) 

WT THP1 
Dcp2 KO THP1 
cat. domain 
mutant THP1 

lnc13 h 



 
 

 
 

20 

Fig. S6: Decapping enzyme 2 regulates lnc13 levels.  

a) LPS induced lnc13 downregulation is transcription (ActD; transcription inhibitor) and 

translation (CHX: protein synthesis inhibitor) dependent in BMDMs (left) and human 

U937 cells (right). RT-QPCR data is represented as the average +/- standard error of 

three independent experiments. p-values were calculated relative to basal level, *p<0.05, 

**p<0.01 based on unpaired t-test. b) Dcp2 expression was measured by RT-QPCR in 

response to LPS stimulation in BMDMs. Data represents the average and standard error 

of three independent experiments. Total Dcp2 levels are increased after LPS stimulation 

in c) BMDMs and d) iBMMs. e) Dcp2 levels are increased in the nucleus after LPS 

stimulation in human U937 cells. f) Lnc13 expression pattern after LPS stimulation of 

WT (black bars) and Dcp2 KO (white bars) bone marrow derived macrophages. Data 

represents the average and standard error of three independent experiments. **p<0.01, 

+p<0.1, based on an unpaired t-test. g) Lnc13 expression pattern after LPS stimulation in 

human THP-1 cell lines. WT cells (black bars), Dcp2 KO cells (grey bars) and mutant 

cells for the catalytic domain of Dcp2. Data represents the average and standard error of 

two independent experiments. h) The secondary structure of the 5' loops of wildtype and 

mutated forms of lnc13 were predicted using the Vienna package.  
  



 
 

 
 

21 

 

 

Sup. figure 7
Castellanos-Rubio et al.

Flag-p42

H3

Tubulin

50KD

25KD

50KD

cytoplasm nucleopl. chromatin
ev ev evp42p42 p42

Hdac1

Flag-p42

Input
Flag-p42 
pulldown

ev p42 ev p42

50

75

RPLPO
lnc13

50

75 Hdac1

Tubulin

50

In
pu

t 
H

da
c1

 IP
Ig

G

8

g h 

0 

0.5 

1 

1.5 

2 

2.5 

Hdac1 IgG 

R
el

at
iv

e 
to

 in
pu

t 

U937

anti-Hdac1 ev
anti-Hdac1 shlnc13
IgG control

Il1ra Myd88 Stat1 Traf2 actin

 F
ol

d 
en

ric
hm

en
t 

0.3

0.5

0.7

0.9

1.1

1.3

1.5

i 

** **

**
**

 F
ol

d 
en

ric
hm

en
t 

IgG control

anti-Hdac1 basal

anti-Hdac1 LPS

Il1ra Myd88 Stat1 Traf2 actin
0

1

2

3

4

5

6

7

*

*

**

*

e 

j 

In vitro transcribed
biotinylated RNA

Nuclear extracts

Silver staining:

lad
de

r 

inp
ut 

an
tis

en
se

 ln
c1

3 

se
ns

e l
nc

13
 

biotin

Streptavidin pull-down
of RNA-protein 
complexes

Samples subject to
silver staining and
mass spectrometry

streptavidin
 beads

c 

d 

f 

neg. 
controls

pos. 
controls

0.3 

0.8 

1.3 

1.8 

2.3 

2.8 

3.3 

3.8 

4.3 

Il1rn Myd88 Stat1 Traf2 actin Il6 mTert Mef2c 

Fo
ld

 e
nr

ic
hm

en
t 

anti-hnRNPD basal 

anti-hnRNPD LPS 

IgG control 

*

*

** **

** **

b 

18

0 
2 
4 
6 
8 

10 
12 

  R
el

at
iv

e 
ex

pr
es

si
on

 

0 
0.2 
0.4 
0.6 
0.8 

1 
1.2 

 

lnc13 - BMDM

WT
hnRNPD KO

0 2 4 6 8 10
LPS stimualtion (h)

0

0.2

0.4

0.8

1

1.2

0.6

R
el

at
iv

e 
ex

pr
es

si
on

empty vector
sh-hnRNPD

S
TAT1

TR
A

F2

M
Y

D
88

IL1R
N

TN
FA

hnR
N

P
D

U937

k 

**

**

**
**

**

RNA antisense purification (RAP)

0 

5 

10 

15 

20 

25 

30 

Il1rn Myd88 Stat1 Traf2 actin 
D

N
A 

en
ric

hm
en

t 
0 

5 

10 

15 

20 

25 

30 

lnc13RNA Xist 

R
N

A 
en

ric
hm

en
t 

a 

neg. 
control

TSS of lnc13 targets
neg. 

control

antisense
senseantisense

sense



 
 

 
 

22 

Fig.  S7:  Lnc13 regulates gene expression by chromatin binding. 

a) Lnc13 and Xist (chromatin bound lncRNA) RNA enrichment (left) and target gene 

TSS site DNA enrichment using an independent set of primers (right) after RNA 

antisense purification of lnc13. Data represents the average and standard error of three 

experimental replicates.b) Flowchart of the strategy for identification of lnc13-binding 

partners. Sense and antisense in vitro transcribed biotinylated lnc13 were incubated with 

nuclear extracts from mouse macrophages. Streptavidin beads were used to pulldown the 

RNA-protein complexes. The samples were evaluated by mass spectrometry, and c) the 

protein band pattern bound to each of the RNAs was concurrently visualized by silver 

staining. A representative image of three independent experiments is shown. d) Lnc13 

fold change after LPS stimulation in BMDMs isolated from three WT and three hnRNPD 

KO mice. Data represents average and standard error. e) Target gene expression in cells 

knockdown for hnRNPD measured by RT-QPCR. Data represents average and standard 

error of three quantifications; *p<0.05, **p<0.01.  f) ChIP of hnRNPD shows enrichment 

around TSS of lnc13-regulated genes in unstimulated immortalized mouse macrophages 

when compared with LPS stimulated cells (with lower levels of lnc13). Data represents 

the average fold enrichment and standard error of three independent experiments. Actin 

and Il6 were used as a negative IP control, mTert and Mef2c were used as positive IP 

controls. *p<0.05, **p<0.01. g) Flag p42 is also localized in the chromatin fraction. h) 

Hdac1 is detected together with the p42-lnc13 complex in the flag p42 RNA IP. Blot 

representative of four independent pulldowns. i) Hdac1 is able to retrieve endogenous 

lnc13 in human U937 cells. Lnc13 levels assesed by RT-QPCR after RNA IP (left) 

(average and standard error of three independent experiments) and WB showing nuclear 

Hdac1 IP (right). j) ChIP of Hdac1 shows enrichment around TSS of lnc13 regulated 

genes in unstimulated mouse macrophages when compared with LPS stimulated cells. 

Data represents the average fold enrichment and standard error of three independent 



 
 

 
 

23 

experiments. Actin was used as a negative IP control. *p<0.05, **p<0.01 based on one-

tail z-test. k) ChIP of Hdac1 in empty vector (ev) and lnc13 shRNA transduced 

macrophages shows loss of Hdac1 binding to the TSS the target genes in the absence of 

lnc13. Data represents the average fold enrichment and standard error of three 

experimental replicates. Actin was used as a negative IP control. **p<0.01 based on one-

tail z-test. 
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Fig.  S8:  Lnc13 binds hnRNPD in a disease-associated genotype-dependent manner.  

a). Predicted secondary structure of human lnc13 variants (Vienna package), 5 SNPs in 

linkage disequilibrium with the CeD associated rs917997. T: risk allele as assesed by 

GWAS. b) Differential mobility of in vitro transcribed (IVT) lnc13 alleles in a non-

denaturing agarose gel. c) Total RNA extracted from cells expressing different lnc13 

variants was incubated with lysates of cells overexpressing flag-hnRNPD, and relative 

binding affinity relative to the CC lnc13 was assessed by flag immunoprecipitation and 

subsequent RT-QPCR analysis. Representative blot of the pulldown. d) IVT C allele is 

retrieved more efficiently than the risk T allele by flag-p42 pulldown. Data is represented 

as the average and standard error of three independent experiments. C allele pulldown 

values were considered as 1. *p<0.05 based on paired t-test. e) Heterozygous cell line 

MCF7 (breast cancer) was transfected with a flag-hnRNPD and after 

immunoprecipitation endogenous amount of each allele was quantified by a dual 

fluorescence TaqMan assay. Retrieved lnc13 was normalized to input and and pulldown 

values were calculated relative to C allele. Data represents the average and standard error 

of 3 independent experiments. **p<0.01 based on paired t-test. 
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Fig. S9: Schematic representation of the lnc13 mechanism of action.  

a) At basal stage lnc13 and associated proteins are bound to chromatin inhibiting the 

expression of inflammatory genes. b) In celiac disease condition or response to LPS (NF-

κB activation), Dcp2 is translocated to the nucleus degrading lnc13 that releases the 

complex and permits inflammatory gene expression. 
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Table S1: SNPs located in intergenic regions that have been associated with CeD in 

GWAS as retrieved by the Haploreg online tool(9). Distance corresponds to base pairs to 

the closest coding gene. 

  

chr rsID Distance Coding gene

1 rs2816316 465 RGS1

2 rs917997 1542 IL18RAP

1 rs10903122 6219 RUNX3

1 rs12727642 1106 PARK7

1 rs859637 34045 FASLG

1 rs296547 7273 C1orf106

6 rs2327832 21582 OLIG3

3 rs13314993 17627 CCR4

6 rs1033180 8192 IRF4

X rs5979785 21702 LOC349408

8 rs9792269 31539 MIR1208

14 rs4899260 15013 ZFP36L1

3 rs6441961 42840 CCR2

4 rs6822844 24361 IL21

Sup. table 1
Castellanos-Rubio et al.
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Table S2: List of coding genes whose expression was checked for lnc13 target analysis 

clustered by expression pattern after LPS stimulation. Log 2 fold change values retrieved 

from the STEM (short term expression miner) software(17). R-values represent the 

correlation between lnc13 expression and each of the target genes. 

2 4 8 16 R-value 2 4 8 16 R-value

Sele -28.52 -30.23 -32.24 -34.20 0.76 Nr4a2 0.40 0.66 1.69 0.67 0.80

Tlr4 -2.22 -1.14 -2.18 -1.14 0.79 Cd74 0.79 1.43 0.76 -0.24 0.81

Myc -2.08 -0.60 -1.24 -2.21 0.45 Il15 3.24 5.35 2.86 0.87 0.03

F8 -0.51 -0.18 0.53 -0.36 0.51 Csf1 4.91 5.23 3.80 1.76 0.15

Nqo1 -0.17 0.09 0.43 1.45 0.32 Csf2rb 0.26 1.14 0.85 1.91 0.21

Ccnd1 -1.35 -2.76 -3.24 -4.21 0.77 Mmp9 0.54 2.46 3.15 5.17 0.84

Plau -0.88 -2.15 -3.17 -4.14 0.96 Egfr 0.55 0.63 0.65 1.62 0.94

Ncoa3 -0.73 -0.22 -1.15 -2.12 0.98 Sod2 3.08 4.28 5.27 5.27 0.79

Il1r2 0.21 -1.11 -1.23 -2.23 0.81 Cfb 4.97 9.38 11.38 12.38 0.93

Map2k6 -0.65 -2.88 -2.24 -0.21 0.89 Stat3 0.12 1.81 2.70 1.70 0.96

Smad3 -0.11 30.49 -0.38 -0.51 0.36 Stat1 0.65 2.54 2.55 2.57 0.90

Ccr5 -0.31 0.59 0.77 0.78 0.03 Myd88 1.27 2.68 2.69 1.70 0.91

Ikbkg -0.55 0.42 1.44 -0.57 0.88 Traf2 1.31 2.18 2.78 1.79 0.75

C4 -0.37 0.40 1.46 0.45 0.36 Il1rn 2.32 5.31 6.79 5.81 0.84

Ikbkb -0.37 0.19 0.77 -0.23 0.77 Ccl12 3.38 5.43 5.41 3.42 0.95

Selp 0.92 1.93 3.52 0.55 0.44 Il2ra 3.99 5.88 6.64 5.61 0.70

Xiap -0.16 0.52 -0.20 -1.23 0.59 Tnfsf10 4.41 7.82 6.81 4.85 0.86

Bcl2l1 0.57 0.42 0.43 -0.55 0.52 Csf3 7.98 13.20 15.77 14.76 0.68

Nfkb1 2.74 3.65 2.80 1.80 0.30 Trp53 0.91 0.15 -0.85 -0.82 0.93

Ikbke 2.91 3.91 4.75 3.77 0.45 Egr2 2.54 0.82 0.79 -0.16 0.78

Tnfrsf1b 3.82 4.72 5.73 4.72 0.85 Pdgfb 2.71 1.83 1.29 0.30 0.28

Birc3 3.85 4.65 3.79 3.81 0.84 Irf1 4.78 4.56 3.38 2.39 0.09

Nfkbia 4.06 4.07 4.08 3.07 0.64 Adm 5.81 3.13 3.40 3.40 0.28

Nfkb2 4.27 5.23 5.78 4.78 0.58 Cd83 6.53 4.92 3.94 0.95 0.31

Fas 4.66 5.81 5.31 4.28 0.79 Ifnb1 10.71 9.15 5.77 3.77 0.00

Tnfaip3 5.29 5.37 5.39 3.37 0.65 Cd80 1.72 1.96 0.41 0.38 0.09

Lta 5.32 6.95 7.77 6.77 0.51 Cdkn1a 1.90 2.49 0.78 0.79 0.14

C3 5.49 7.97 7.78 6.77 0.83 Birc2 2.10 2.31 0.80 0.78 0.04

Icam1 5.73 5.67 4.33 3.34 0.78 F3 3.26 4.15 1.77 1.80 0.01

Ptgs2 5.95 8.64 8.56 8.52 0.36 Rel 3.59 4.05 1.78 1.80 0.18

Tnf 6.96 7.82 6.80 4.81 0.84 Rela 1.34 1.46 1.76 0.78 0.14

Ccl22 7.35 8.46 8.46 6.48 0.50 Mitf 1.84 2.12 2.46 1.45 0.54

Vcam1 7.84 7.98 6.99 4.97 0.66 Ltb 3.35 3.12 3.78 1.78 0.65

Ccl5 7.86 10.04 10.79 10.81 0.45 Relb 4.09 3.98 4.98 2.97 0.49

Cxcl10 8.69 9.85 6.80 5.80 0.85 Gadd45b 4.41 4.39 4.78 2.80 0.63

Cxcl9 8.70 10.45 10.78 9.77 0.40 Cd40 6.29 8.12 7.76 4.79 0.53

Il1a 10.97 12.91 13.74 14.79 0.77 Lnc13 -1.47 -3.36 -6.07 -6.16

Cxcl3 11.14 12.67 13.67 13.67 0.84

Il12b 12.03 13.09 12.80 11.80 0.81

Csf2 12.36 12.09 10.79 9.80 0.69

Cxcl1 12.55 12.82 11.79 11.78 0.55

Il6 13.01 16.06 14.64 13.62 0.64

Il1b 13.53 15.06 15.81 16.81 0.70

LPS (h) LPS (h)

Sup. table 2
Castellanos-Rubio et al.
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Table S3: List of proteins that specifically bind biotinylated sense lnc13 as assessed by 

mass spectrometry analysis.  

  

Protein name gi number Gene name
heterogeneous nuclear ribonucleoprotein A3 isoform b [Mus musculus] gi|31559916 Hnrnpa3
plectin 1 isoform 1 [Mus musculus] gi|41322904 Plec1
keratin 15 [Mus musculus] gi|6680602 Krt15 
poly(rC) binding protein 2 [Mus musculus] gi|6997239 Pcbp2
PREDICTED: p30 DBC protein [Mus musculus] gi|94397239 NET35
actin related protein 2/3 complex, subunit 5 [Mus musculus] gi|13385866 Arpc5
splicing factor, arginine/serine rich 9 [Mus musculus] gi|13385016 Srsf9
PREDICTED: similar to SRp40-1 [Mus musculus] gi|82895195 LOC675606
peripherin [Mus musculus] gi|7305413 Prph 
myosin XV isoform 1 [Mus musculus] gi|6754780 Myo15
serine/arginine repetitive matrix 1 [Mus musculus] gi|7949115 Srrm2
U1 small nuclear ribonucleoprotein 70 kDa [Mus musculus] gi|67846113 Snrnp70
nuclear receptor coactivator 5 [Mus musculus] gi|21450271 Ncoa5
heterogeneous nuclear ribonucleoprotein D isoform a [Mus musculus] gi|116256512 Hnrnpd
inner membrane protein, mitochondrial [Mus musculus] gi|70608131 Immt
PREDICTED: Crm, cramped-like isoform 1 [Mus musculus] gi|51770109 CRAMP1L
ribosomal protein L14 [Mus musculus] gi|13385472 Rpl14
ribosomal protein L23 [Mus musculus] gi|12584986 Rpl23
LUC7-like 2 [Mus musculus] gi|20373167 Luc7l
splicing factor 3a, subunit 2 [Mus musculus] gi|10800150 Sf3a1

Sup. table 3
Castellanos-Rubio et al.
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Table S4: List of oligos used for the different experiments 

  

Mouse&QPCR&primers
lnc13&F1 ACTGAGCTCCCAAGCATTTG lnc13&R1 CATGGACTGGCTATTTCTGC

lnc13&F2 GTTTGCAAGACTTTGGCTGAG lnc13&R2 AGATGGTGCAGCCAGAAAAC

lnc13&F3 AACCAAATGAGGTCCACAGG lnc13&R3 GGTTAGTGCCAAAGCCAAAG

lnc13&F4 TCCCCTGAGAACCAAATGAG lnc13&R4 GGTTAGTGCCAAAGCCAAAG

Stat1&F TCACAGTGGTTCGAGCTTCAG Stat1&R GCAAACGAGACATCATAGGCA

Myd88&F AGGACAAACGCCGGAACTTTT Myd88&R GCCGATAGTCTGTCTGTTCTAGT

Tnfsf10&F ATGGTGATTTGCATAGTGCTCC Tnfsf10&R GCAAGCAGGGTCTGTTCAAGA

Il2ra&F AACCATAGTACCCAGTTGTCGG Il2ra&R TCCTAAGCAACGCATATAGACCA

Stat3&F CAATACCATTGACCTGCCGAT Stat3&R GAGCGACTCAAACTGCCCT

Traf2&F AGAGAGTAGTTCGGCCTTTCC Traf2&R GTGCATCCATCATTGGGACAG

Il1ra&F GCTCATTGCTGGGTACTTACAA Il1ra&R CCAGACTTGGCACAAGACAGG

Il15&F CATCCATCTCGTGCTACTTGTG Il15&R GCCTCTGTTTTAGGGAGACCT

Il6&F TTGCGATGCTAAAGGACG Il6&R TGTGGAGAAGGAGTTCATAGC

Hprt&F GTT?AAG?CAG?TAC?AGC?CCC?AAA Hprt&R AGG?GCA?TAT?CCA?ACA?ACA?AAC?TT

Il18rap&F AGACTACTTCCTGAGCACAAGA Il18rap&R TGTCCTTACCAATGGTTCTCACT

Dcp2&F AGACAATGCGATCCGAGTGTG Dcp2&R CGTAAGTCGGGACTCCCATTT

Human&QPCR&primers
lnc13&F1 AAGGATCATTGCAGGGTCTC lnc13&R1 GTGGCCAAAAGAAGTCTGAGTC

lnc13&F2 CTTTGGCACCAAGCAACATC lnc13&R2 TTCACTGAGACCCTGCAATG

RPLPO&F GCAGCATCTACAACCCTGAAG RPLPO&R CACTGGCAACATTGCGGAC

IL18RAP&F ATGCTCTGTTTGGGCTGGATA IL18RAP&R TTAATTCGCTCTCCTGCAACAA

DCP2&F ATGGAGACCAAACGGGTGGA DCP2&R AACCAATGGGCAAGTTCAATCT

cDNA&PCRs
aF TGCAGATGACATTGTGAGCA bR CTTCATTCCACTGCCTGTCA

dF ACTCCATCTAAAGCCCTTCTGT cR GCCAACAACAGATACCATGC

gF AGACTACTTCCTGAGCACAAGA eR CATGGACTGGCTATTTCTGC

fR AAAGGTCTGCAGTGTGTCCT

DNAse&hypersensitivity
DHlnc13F ACGTGGAACCAGCTCAGAAT DHlnc13R TCAGCCTGAACACACACACA

DH&IL18RAP&F TTCAGGTGAGCACAAGTTGC DH&IL18RAP&R CCAGGGAAGTGAAACAAAGC

TaqMan&assays
RPLP0&Hs99999902_m1

TRAF2&Hs00184186_m1

STAT1&Hs00234829_m1

MYD88&Hs00182082_m1

IL1RA&Hs00168392_m1

Custom&lnc13&TaqMan
Forward?Primer CAGGATCCCTGGCCTTCCT

Reverse?Primer TGGCCAAAAGAAGTCTGAGTCTT

Probe CCGCCACTCTCTGAG

siRNAs
?siRNA?lnc13? UGGUAACCAUGCUUUAUUUtt?

negative?control?siRNA CCUACGCCACCAAUUUCGUtt

Overexpression&vector&
Forward AACTGCATCCTACCACATGCCTGTG Reverse AACTGTCGACGAGAAGGAAAGGGT

In&vitro&transcription
sense?forward GCTAGTGGTGCTAGCCCCGCGAATTAATACGACTCACTATAGGTACCACATGCCTGTG sense?reverse GAGAAGGAAAGGGT

antisense?forward GCTAGTGGTGCTAGCCCCGCGAATTAATACGACTCACTATAGGGAGAAGGAAAGGGT antisense?reverse TACCACATGCCTGTG

mutant?lnc13?F GCTAGTGGTGCTAGCCCCGCGAATTAATACGACTCACTTACCACATTTTTTTGAAGAACTC

5'?deleted?lnc13?F GCTAGTGGTGCTAGCCCCGCGAATTAATACGACTCACTAGGGCTTTTCCCCTGA

ChIP/RAP&primers
actinproF.mm? GCCTAGTAACCGAGACATTGA? actinproR.mm? AGAAAGCGAGATTGAGGAAG

actinproF2.mm CGGTTACTAGGCCTGCATTC actinproR2.mm GATGCTGACCCTCATCCACT

Il1rnpromF.mm TCCCATCCCAAGTCATCTTC Il1rnpromR.mm GAGAATGGTGGCATTTGAGC

Il1rnpromF2.mm AGAACCAGTTTGGCTTCTGC Il1rnpromR2.mm AGGTTGGTTGCTGATGACTG

Myd88proF.mm? ACGGAAGCCAATCGTAATGC? Myd88proR.mm? AACCTCCTTCCCCAATGTCTAC

Myd88proF2.mm? ACAAAAGTGGGGTGCCTTTG Myd88proR2.mm? AACTAGGTGTGTTGCCAAGG

Stat1proF.mm? AAGCGGGACAAAAGTTTCGG? Stat1proR.mm? TCAACCAAGCCTGCAAGAAG

Stat1proF2.mm? ATCCGTTCACACGCATGTTC Stat1proR2.mm? TGGGGAAACTGTCATCGTACAG

Traf2proF.mm ?AATTGTGTGGGGATCGAAGGG? Traf2proR.mm? TTTTTCTCGGGATCCTCCACTC

Traf2proF2.mm ATTTGGTGGCAAGTGACTGC Traf2proR.mm? AGCAAGGTTGTTGAGGAAGC

mTertproF.mm CCTCCGCCTACCTAACCTTC mTertproR2.mm TTGATGGTCACAATGCTGGT

Il6proF.mm GTGTGTGTCGTCTGTCATGC Il6proR.mm AGGAAGGGGAAAGTGTGCTT

Mef2c&promF.mm TTAAGTGCCATGACCATCCA Mef2c&promR.mm GCACACACTTGCTTCATTTCA

Sup.&Table&4
Castellanos)*Rubio*et*al
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